Findings are presented from the initial cross sectional phase of a cohort study of employees exposed to flour in bakeries or mills. Of 401 eligible workers in seven sites 344 (86%) were surveyed; symptoms assessed by self completed questionnaire, and sensitisation measured by the response to skin prick tests, were related to intensity of exposure both to total dust and to flour aeroallergen. Among 264 subjects without previous occupational exposure to flour, work related symptoms which started after first employment at the site were related to exposure intensity, especially when exposure was expressed in terms of flour aeroallergen. The relations with eyelnose and skin symptoms were independent of atopic status and cigarette smoking. Positive skin test responses to mixed flour and to a amylase were also more frequent with increasing exposure intensity, although this was confounded by atopic status. There was only a weak association between symptoms and specific sensitisation.
To examine the relation between sensitisation or allergic symptoms and exposure to aeroallergens we have undertaken a longitudinal study of two groups of workers at high risk of occupational asthma: those exposed to flour and those working with laboratory animals. In this paper findings from the initial, cross sectional phase of a cohort study of bakery and flour mill workers are described.
There are about 75 000 workers in the United Kingdom baking industry (unpublished data, Labour Force Survey) with some 24 000 in occupations where exposure to flour is probable (Federation of Bakers, personal communication). A smaller but unknown number are involved in milling and wheat processing. Results from the surveillance of work related and occupational respiratory disease (SWORD) project suggest an annual incidence of occupational asthma among bakery workers of at least one per 1000,1 a figure that includes only those cases seen by consultant chest or occupational physicians. A high prevalence of work related respiratory symptoms or sensitisation among employees of a large British bakery has been reported previ-C Sandiford, R D Tee, K M Venables, ously, with evidence of a semiquantitative relation with dust exposure.2 Like most epidemiological studies of occupational asthma to date, this was cross sectional and subject to survivor bias. The current longitudinal study was planned to consider these deficiencies and to investigate the detailed nature of the exposure-response relation.
Methods Three large, modem, British bakeries, a flour packing factory, and three mills where wheat was milled and flour packed were identified. All full time employees in occupational groups where exposure to flour was probable, who had started work at the site from 1 January 1986 onwards and had worked for at least one month, were invited to participate. Members of the cohort still employed at the sites have been studied at six-monthly intervals since
1990.
This paper describes the findings from the initial survey. Workers at six sites were surveyed over a six month period in 1990, during which time each site was visited twice, on the second occasion to contact workers who had been missed earlier. one new work related symptom. Eye/nose symptoms were most commonly reported (table 2) , and were isolated in 30 (67%). Five (31 %) of those with chest symptoms and eight (47%) with skin symptoms reported these symptoms alone; five employees reported all three symptoms. In two subjects, new work related chest symptoms had started within one month after first employment at the site. The median duration of employment before onset in the remainder was 365 (range 30-1534) days. Fifteen with new eye/nose symptoms and five with skin symptoms reported an onset within one month; in the rest, the duration of employment before onset tended to be shorter than for chest symptoms: 229 (30-1216) days and 274 (31-1736) days respectively. Among those with more than one symptom there was no consistent sequence in the dates of onset of each type.
Among the 56 employees with previous occupational exposure to flour the prevalence of new work related eye/nose symptoms was higher (20%), although there was little difference in the frequency of either chest (7%) or skin symptoms (6%). Positive skin prick tests to mixed flour and to a amylase were more common among those with previous exposure (11% for each allergen). Forty two (16%) of those without, and 10 (18%) of those with previous exposure had positive tests to L destructor.
EXPOSURE INTENSITY
The frequency of new work related symptoms tended to increase with intensity of exposure at the time of survey (table 2). The trend was clearest for eye/nose symptoms and was pre- sent for both dust and allergen exposure categories. Positive skin tests to mixed flour or to a amylase, but not L destructor, were more common with increasing aeroallergen exposure intensities. Positive responses to L destructor were more common with increasing dust intensity. Workers with new work related chest (38%) or skin (41%) symptoms were more likely to have moved between exposure intensity categories during employment at the site than those without new work related symptoms of any sort (12%); to a lesser extent this was also true for employees reporting new eye/nose symptoms (18%). In most cases these moves were to jobs in a lower intensity category. A similar analysis to that shown in table 2, but based on exposure intensity at time of onset, resulted in only small differences in distributions and trends. The patterns were also unchanged when subjects reporting onset of symptoms within one month of exposure were excluded.
Most subjects with positive skin tests to specific antigens reported no symptoms; of those with symptoms these were described equally as work related or not work related. (9) 1 (5) 4 (12) 3 (9) 2 (1) values were found with dust measures. For skin symptoms the relation was confined to aeroallergen exposure at high intensity (OR 5-6, 95% CI 1X2-26-9). No independent effect of exposure intensity on the presence of a positive skin test to any of the three specific allergens was found. Atopy was significantly and independently associated with a positive response to each of the three specific allergens, but not with any new work related symptom. Smoking was not independently related to either symptoms or to a positive skin test.
Discussion
Unlike most cross sectional populations the present analysis was based on workers first employed after a specified date. The study is also unusual in the detailed nature of the dust and aeroallergen exposure measurements, although so far used only semiquantitatively. Workers with previous occupational exposure to flour, about which there can be less confidence, were excluded from this analysis and emphasis was placed on new cases of work related disease as the best measure of incident disease. None the less, the results presented here should be interpreted in the light of possible survivor bias. Movements between jobs of different exposure intensities were taken into account by examining symptoms in relation to exposures both at the time of onset and at the time of survey.
The relation between the frequency of work related symptoms and positive skin tests to flour or fungal a amylase was weak. There are possible explanations for this. Firstly, the symptoms described are unlikely to be wholly specific for IgE associated allergic disease and may also result from direct irritation, although if this was* so then an equal relation with aeroallergen and dust exposure could be expected. It is also possible that the exposureresponse relations found were due in part to a greater tendency for workers in high exposure jobs to ascribe non-specific symptoms to their work. This question will be examined at a later stage with information from serial peak flow measurements and from tests of nonspecific bronchial hyper-responsiveness. Secondly, there are probably several agents responsible for work related symptoms in workers exposed to flour, including, among others, flour derived allergens,5 fungal6 and cereal7 a amylase, and soybean allergens.8 Employees with new work related chest symptoms in this study, none of whom had positive skin tests to flour or a amylase, may have been sensitised to an unidentified allergen. The lack of any relation between the presence of a positive skin test to L destmcaor and current exposure to flour aeroallergen, by contrast with that with dust exposure, supports the view that storage mites have little special significance in allergic responses among bakery workers. 9 Although new work related symptoms were more common in atopic workers and in those who smoked during the period of exposure, these relations were not statistically independent of intensity of exposure. This may reflect the small numbers of persons affected or the cross sectional nature of the analysis but underlines the need to separate the effects of potential modifying influences from the effects of exposure. On the other hand, after adjustment for the strong relation with atopy, no independent effect of exposure intensity on specific sensitisation (as measured by skin prick testing) was found. Antigenic cross reactivity (with grass pollen) may explain some of the association between a positive skin response to mixed flour and atopic state, but is unlikely to account for the relation with either a amylase or L destructor.'0 These findings may be compared with those from a study of identical design that we have undertaken in employees exposed to laboratory animals."' In both groups, symptoms were shown to be associated with intensity of exposure, but by contrast with the laboratory workers, current exposure for the flour exposed group was as important as exposure at the time of onset of symptoms; also, the exposure-response relation was similar for dust and aeroallergen measures of exposure, and was unmodified by atopic state or by smoking. These features suggest that whereas the symptoms among laboratory workers reflect an allergic response to airborne antigens, many of those described by the flour workers have a predominantly non-allergic basis.
Despite shorter average durations of employment, the frequencies of symptoms among all employees in this study were at least as great as those seen in our earlier survey of British bakery workers.2 In that study, where similar questionnaires were used, 13% of current employees reported work related chest symptoms (compared with 14% in the current study) and 19% nasal symptoms (compared with 29% reporting eye or nasal symptoms in the current study). In the earlier study work related chest or nasal symptoms (among all workers) were also related to exposure intensity. The current analyses have allowed examination of the relation of incident disease to measured exposures; this relation was slightly stronger when exposures at the time of symptom development were examined and, for both new work related symptoms and for positive skin responses to specific allergens, when exposures were analysed in terms of flour aeroallergen rather than total dust. The detailed nature of the relation between exposure expressed in terms of average and peak intensity, duration and timing, and varied types of response will be examined in the longitudinal phase of this cohort study.
